Treatment of mature citrus fruit (Citrus sinensis) with ethylene induced rapid chlorophyHl destruction, a rise in respiration, a release of free amino acids, aa accumulation of reducing sugars, and an appearance of phenylalanine ammonia lyase activity. Gibberellin A3 (GA3) and N6-benzyladenine (BA) opposed the effects of ethylene on chlorophyll, amino acids, and to a lesser extent, reducing sugar levels. The ethyleneinduced respiratory rise was only slightly modified by GA3 and BA. Phenylalanine ammonia lyase activity was not affected by GA3.
Scott and Leopold (16) were the first to draw attention to the opposing effects of ethylene and GA3. Citrus rind maturation served as one of the most evident examples since it was known by then that GA3 delays the senescent color changes of citrus rind whereas ethylene accelerates them. Cytokinins also delay citrus rind coloration, in accordance with their universal senescence-delaying effects (8, 10) . Opposing effects of ethylene and GA3 or BA have been reported also for the coloration of ripening tomatoes (7) and bananas (17, 18) . The respiratory behavior of these climacteric fruits has not, however, been altered by GA3 treatments (7, 17) .
In the present study, we examined the ability of GA3 and BA to counteract ethylene effects associated with various cellular compartments in senescing citrus rind.
MATERIALS AND METHODS
Detached mature green Shamouti orange (Citrus sinensis L. Osbeck) fruits were used, unless otherwise specified. Fruits were dipped twice, for 30 sec each, in GA3, BA, or control solutions containing 5% ethanol + 0.02% Tween-20. The ethylene-releasing chemical, 2-chloroethylphosphonic acid (Ethephon), was applied to the fruit calyx as a 25-,ul droplet of 1% solution (9) . GA3 and BA were applied to fruits immediately after harvest. Ethephon or ethylene gas was usually supplied 2 to 4 hr later, after the fruits had dried from the GA3 and BA solutions.
Rind color changes were measured by a Hunter color differ- quantitative estimation of color development (3). According to this method, the intensity of green color is represented by negative values which rise gradually and pass to the positive range during development of yellow and orange colors. For the assay of CO2 and ethylene, samples of four fruits were placed in 2-liter glass jars at 25 C. Duplicate samples were run for each treatment. The jars were continuously ventilated (100 ml/min) with water-saturated air, with or without 12 ,ul/l ethylene. Jars were sealed for 1 hr prior to removal of jar atmosphere samples for determination of CO2 and ethylene evolution. CO2 was determined by a Packard gas chromatograph equipped with a Poropak Q column and a thermal conductivity detector. Ethylene was determined by a Packard gas chromatograph equipped with 80-mesh activated alumina column and a flame ionization detector.
Flavedo (the outer colored portion of citrus rind) layers were removed with a peeler knife for chemical determinations. Chlorophyll was determined at 652 nm in 80% acetone extracts according to Bruinsma (6) . Free amino acids were determined in 80% ethanol extracts with ninhydrin following Yemm and Cocking (19) . Reducing sugars were determined in 80% ethanol extracts after Noelting and Bernfeld (13) . Sugars were separated on thin layer plates of Kieselguhr prepared with 0.1 M phosphate buffer (pH 5) and developed with 1-butanol-acetone-0.01 M phosphate buffer (pH 5) (40:50:10; v/v). Sugars were visualized by spraying with 0.1 M p-anisidine and 0.1 M phthalic acid dissolved in 96% ethanol and heating at 100 C for 10 min (I 1). Phenylalanine ammonia lyase (PAL)3 activity was determined according to Riov et al. (15) .
RESULTS
The opposing effects of GA3 and BA on spontaneous and Ethephon-induced color changes are demonstrated in Figure 1 . The effects of GA3 and BA came into full expression only in the presence of Ethephon. Increasing concentrations of GA3 and BA quantitatively reduced the fruit's response to Ethephon. The responses to Ethephon, BA, and possibly also to GA3 did not reach saturation at the range of concentrations employed.
The ethylene-induced rise in respiration (4) was generally somewhat lower in GA3-and BA-treated fruits (Fig. 2) . These fruits also returned more rapidly to control level respiration upon removal of the ethylene. Nevertheless, the basic respiratory response to ethylene was not counteracted by GA3 and BA.
In addition to the loss of Chl, Ethephon also induced an increase in the level of free amino acids and reducing sugars. These effects were also counteracted by GA3 and BA, although the latter was less strongly expressed (Fig. 3) . The accumulation of reducing sugars, which has not been reported heretofore in citrus rind, occurred within 2 days or less after the application of ethylene gas or Ethephon. Chromatographic analysis indicated that glucose and fructose, which probably originated from sucrose, accumulated in Ethephon-treated fruit. Galactose could not be detected.
Ehylene induces the appearance of PAL activity in citrus flavedo (15) . The wound-ethylene produced from flavedo discs induced strong PAL activity in the disc tissue within 24 hr (0.36 + 0.02 ,umol cinnamic acid/g fresh wt/hr). GA3 at 25 and 100 ,ug/ml had no effect on PAL activity.
DISCUSSION
The potential of GA3 and BA to counteract the effects of ethylene has been examined in our studies over a wide range of processes. Both GA3 and BA opposed the ethylene-induced changes in Chl, free amino acid, and reducing sugar levels. BA, but not GA3, opposed the ethylene-induced rise of endogenous ABA in citrus peel (5, 10) . On the other hand, GA3 had no effect on PAL activity, and both GA3 and BA had little or no effect on ethylene-induced respiration. It is not clear, however, whether the ethylene-induced rise in respiration is confined to the peel, like the rest of the processes examined, or related to the interior of citrus fruit as well.
Considering the mechanism behind this antagonism, the first question to be asked is whether GA3 and BA interfere with ethylene production or with the action of ethylene. The extremely low rates of ethylene evolution by mature orange fruits (1, 2) made it difficult for us to determine whether GA3-and BA-treated fruit produced less ethylene than control fruit. However, the fact that GA3 and BA counteracted the effects of exogenous ethylene in a tissue which produces little ethylene of its own suggests that GA3 and BA do not exert their effects by reducing ethylene production. In bananas which also exhibit the opposing effects of GA3 and ethylene, it has been shown by Vendrell (17) that 10 uM to 10 mM of GA3 did not affect the rate of ethylene production. We remain, therefore, with the alternative that GA3 and BA interfere with some of the effects of ethylene, but it seems difficult to speculate at the present time about how this is accomplished.
The differential reversal of ethylene-mediated processes by GA3 and BA has led Dostal and Leopold (7) to suggest that there may be differences between cellular compartments such as chloroplasts and mitochondria with respect to their responsiveness to ethylene and GA3. Chloroplasts appear to be the major compartment which displays the antagonistic interactions between ethylene and GA3 or BA. In addition to Chl, the galactolipids of the chloroplast are also protected from destruction by GA3 and BA (unpublished data). The biosynthesis of ABA seems to take place inside the chloroplast (12) . The release of free amino acids, which is common to senescing photosynthetic tissues, seems to result from the degradation of the major chloroplast enzyme ribulose-1,5-diphosphate carboxylase (14) . The accumulation of reducing sugar is the only process which is subject to the antagonism that could not, so far, be related to the chloroplast. The 
